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Introduction
The liver is the most common site of metastases for metastatic colorectal cancer (mCRC) [1] . When feasible, hepatic resection combined with systemic chemotherapy remains the most effective strategy to improve survival [2, 3] . Advances in surgical techniques and perioperative care have improved the safety of major liver resection [4] . Furthermore, with modern chemotherapy, up to 25% of patients presenting with stage IV disease can still undergo resection [2] . One of the main challenges in the management of patients with colorectal liver metastases (CLM) is to identify those who can derive significant benefit from hepatic resection. Systemic preoperative chemotherapy is proposed either for resectable CLM to evaluate tumor response and increase the disease free survival (DFS) [5] , or to convert unresectable to resectable CLM. However, prolonged preoperative chemotherapy increases the perioperative risk for patients who undergo liver resection [6] . Despite, perioperative systemic chemotherapy, more than 60% of patients who undergo liver resection for CLM will suffer recurrence in the liver. To decrease the risk of hepatic recurrence, hepatic arterial infusion of chemotherapy (HAIC) has also been proposed.
The aim of this article is to provide a summary on four topics relevant to chemotherapy and surgery for CLM: (1) chemotherapy-related liver injuries, (2) surgery for initially unresectable CLM, (3) the emerging role of RAS mutations, and (4) the role of HAIC.
Chemotherapy-Related Liver Injuries: Prediction and Impact
Chemotherapy is used prior to resection of mCRC of the liver to convert borderline or unresectable disease, but also increasingly to treat patients preoperatively to improve the selection and outcome of resectable metastases. This wide use of chemotherapy before surgical resection is associated with injury to the normal liver parenchyma. 5-fluorouracil (5-FU) and folinic acid are used in association with either oxaliplatin as "FOLFOX" or irinotecan as "FOLFIRI." The main histological lesions observed are steatosis and steatohepatitis with FOLFIRI, sinusoidal obstruction syndrome (SOS) and nodular regenerative hyperplasia (NRH) with FOLFOX, respectively. The presence of these two main entities may be predicted before liver resection.
Oxaliplatin-induced SOS occurs in between 50 to 80% of patients, half of which have moderate to severe forms (grade 2 and 3), thereby increasing morbidity after major liver resection without effect on postoperative mortality [7] . The most severe form of oxaliplatin toxicity is NRH, which can lead to portal hypertension. SOS is detected by non-invasive procedures, but can be further defined and graded by histologic analysis of a liver biopsy. The Aspartate aminotransferase to platelet ratio index (APRI) score is the aspartate aminotransferase to platelet count ratio. In patients treated with oxaliplatin, an APRI score >0.36 is predictive of severe SOS and is associated with increased morbidity after major hepatectomy [8] . The severity of SOS also correlates with spleen volume and, inversely, with platelet count [9] . SOS lesions are partially prevented by bevacizumab.
Irinotecan is responsible for fatty liver disease, i.e. steatosis and steatohepatitis. While steatosis increases blood loss and morbidity after hepatectomy, steatohepatitis increases mortality and impairs liver regeneration [10] . Steatohepatitis is more frequent in cases of obesity and diabetes. While magnetic resonance imaging is the method of choice for the detection of steatosis, this imaging modality is not of clinical use to evaluate steatohepatitis. The diagnosis of steatohepatitis still relies on detailed histology of non-alcoholic steatohepatitis.
In conclusion, the use of chemotherapy before liver resection for CLM leads to drugspecific hepatic toxicity, which negatively impacts posthepatectomy outcomes. Liver injury should be detected to adjust the surgical strategy. When liver injury is expected, the interval between chemotherapy and surgery should be increased for at least five weeks to minimize surgical complications.
Surgery in Initially Unresectable Patients
The definition of unresectability of CLM is conventionally based on two main criteria: (1) a technical one, consisting of the inability to obtain complete resection of all lesions, leaving at least 20-25% of residual liver volume with adequate inflow and outflow; (2) a biological one, mainly depending on CLM characteristics (number, diameter and location) [11, 12] , for which no standard definition is currently available. Consequently, in practice unresectability of CLM is determined by a multidisciplinary team on a per patient basis. It may vary among different hepatobiliary surgical units, accounting for differences in prognosis among different published series. The combined use of chemotherapy and surgery has contributed to an increase in resectability and survival. This is based on the effective "conversion" chemotherapy agents (oxaliplatin and irinotecan) in combination with molecular targeted agents (bevacizumab and cetuximab), in association with liver remodeling strategies including portal vein ligation or embolization [13] . Associating Liver Partition and Portal Vein Ligation for Staged Hepatectomy [14] , which represents a new strategy, currently remains investigational due to associated high morbidity and mortality.
In the era of a multimodal approach to CLM, the definition of unresectability is evolving with the use of effective chemotherapy agents, in association with liver volume modulation strategies and parenchymal sparing techniques [15] . The strongest predictor of both disease free and overall survival is the pattern of response to preoperative chemotherapy. Tumor progression during preoperative chemotherapy has been reported both as a negative prognostic factor [16] as well as a predictor of inability to complete two-stage hepatectomy [17] . Thus, the response to chemotherapy is a reliable surrogate marker of tumor biology and aggressiveness. Despite the low perioperative risk, liver resection should be carefully considered in patients with a lack of response to preoperative chemotherapy.
Patients with initially unresectable CLM often receive long duration preoperative chemotherapy and undergo highly complex surgical procedures. These two factors have been associated with poor outcome following liver resection [18, 19] . Cauchy et al. [18] reported higher rates of morbidity and mortality due to the liver injury related to chemotherapy among initially unresectable CLM patients receiving more than 12 cycles of chemotherapy prior to portal vein embolization and liver resection.
Regarding oncologic outcomes, variable survival rates have been reported, mainly due to resectability-related patient selection criteria [20] [21] [22] . Analysis of survival and prognostic factors show that despite recent reports questioning the prognostic value of surgical margin status, R0 resection (a microscopically negative resection margin) still remains an important determinant of survival [23, 24] . Positive resection margins containing tumor are associated with a twofold increase in liver recurrence compared to those having R0 resection.
In conclusion, curative liver resection of initially unresectable CLM following conversion chemotherapy should be attempted whenever possible, regardless of the initial tumor load, preoperative chemotherapy duration and the extent of liver resection provided there is some hepatic parenchymal sparing. Tumor response to preoperative chemotherapy, which may be considered a surrogate of tumor biology and aggressiveness, is the strongest prognostic fac-tor and may help select patients benefitting the most from resection of initially unresectable CLM.
Evaluation and Prognosis of Resected Patients: the Emerging Role of RAS Mutations
For mCRC, RAS mutation status is the most clinically relevant molecular marker: 1) it predicts resistance to epithelial growth factor receptor (EGFR) inhibitor [25] [26] [27] , and 2) it is prognostic in patients undergoing liver resection for CLM [28] . Today, there are at least three main reasons to consider RAS mutation assessment as part of the preoperative evaluation of patients with CLM.
First, RAS mutation status has been associated with prognosis in several studies and validated as a prognostic factor in a recent meta-analysis [28] . Brudvik et al. reported a mutation rate of 28% in 14 studies including 1809 patients. RAS mutations were negatively associated with overall and recurrence free survival, irrespective of anti-EGFR therapy. In this meta-analysis, 10 of 14 studies evaluated KRAS exon 2 (codon 12 and 13) mutations. Due to the rarity of KRAS mutations in exons 3 (codon 61), and exons 4 (codon 146) and NRAS mutations in patients with stage IV colorectal cancer (<11% of all patients), the incidence in the selected population of patients resected for CLM is low, and precludes any specific survival analysis. However, recent data on resistance to anti-EGFR treatment suggested that the current standard-of-care panel should be expanded to include additional mutations [27, 29, 30] . Therefore, we recommend an expanded RAS analysis including any RAS mutation as part of the preoperative evaluation, as it represents a major prognostic factor.
Second, KRAS mutations are likely to predict a pattern of clinical presentation and recurrence. Tie et al. reported a higher association of KRAS mutations with lung (62%) and brain (56%) metastases than with primary tumors (35%) [31] . More recently, Perreira et al. confirmed that lung metastases were more likely to develop over time in patients with KRAS mutations [32] . After CLM resection, the impact of KRAS mutations on recurrence pattern remains unclear. Margonis et al. reported no impact of KRAS mutations on recurrence patterns [33] after a median follow-up of 28 months. However, with a longer median follow up of 33 months, our group reported a higher rate of early lung recurrence for patients with KRAS mutations [34] . Taken together, these data suggest that KRAS mutations are associated with organ site specific recurrence patterns that may be relevant to the evaluation and follow-up of patients resected for CLM.
Third, the evaluation of RAS mutations represents a valuable and stable tool to determine long-term outcome after CLM resection. RAS status can be evaluated on a simple biopsy either from the primary tumor at endoscopy, or from a liver biopsy. With there being more than a 90 percent concordance rate between colorectal primary tumors and their metastases regarding RAS status [35] [36] [37] and the stability of RAS status over time, even after chemotherapy [38] , it allows for an easy and early determination of tumor biology. Currently, prognostic indicators after CLM resection are represented by clinicopathological scores [39] [40] [41] [42] and the response to chemotherapy evaluated radiologically [43, 44] or pathologically [45, 46] . Clinicopathological score related to metastases and primary tumor (e.g., sizes of CLM, number of CLM, primary positive node, and carcinoembryonic antigen level) fluctuate during the course of treatment with different scores pre-and post-chemotherapy. Evaluation of the preoperative response either radiologically or pathologically depends on the interpretation, and this may vary overtime. Recently, our group reported that RAS mutational status was correlated with radiological and pathological response and could be used as a surrogate marker of response for patients undergoing evaluation of CLM prior to resection [47] . Therefore, RAS status appears clinically most appropriate to evaluate tumor biology during the course of disease.
The future of cancer care is in individualized targeted treatment widely based on the biological status of the tumor. For CLM, RAS status is needed to guide the use of targeted chemotherapy and anti-EGFR [26, 48] , and it represents a major prognostic factor that could potentially guide the surgical strategy. The decision to operate on patients with advanced CLM is sometimes difficult. For patients with extensive disease, RAS mutations status might encourage aggressive surgery for patients with wild type status or conversely, the consideration of palliative chemotherapy for patients with RAS mutated tumors.
The Role of Intra-Arterial Chemotherapy
Since liver metastases derive most of their blood supply from the hepatic artery and normal liver tissue is primarily perfused by the portal vein, HAIC has been developed to ensure a greater locoregional concentration of cytotoxic agents. In a recent retrospective study, the histological response after preoperative chemotherapy based on an oxaliplatin regimen administered either intravenously or via the hepatic artery were compared [49] . This study confirmed that complete pathological response (CPR) was significantly higher in patients who received HAIC of oxaliplatin compared to those who did not (33% versus 10%, respectively. p=0.03), and arterial infusion was the only predictor of CPR in multivariate analysis. In patients with unresectable CLM, the rate of secondary resection is correlated to the response rate (RR) [50] . Thus, the higher the RR, the greater the expected resection rate.
Fluorodeoxyuridine is mainly used for HAIC because of its short half-life (<10 minutes) and extensive first-pass extraction by the liver (94-99%) [51] . However, its biliary relatedtoxicity could limit its administration. The alternative is the use of intra-arterial administration of newer developed molecules. In this field, HAIC with oxaliplatin has had the most important development. Regarding hepatic toxicity, severe oxaliplatin-related lesions defined as the presence of grade 2 and 3 SOS and/or NRH, occurred more frequently in patients who received HAIC with oxaliplatin compared to those treated intravenously, 66% versus 20% respectively (p<0.001) [49] .
HAIC is considered technically more demanding than systemic chemotherapy and is reserved for selected patients with high risk of hepatic recurrence. Among the poor prognostic factors identified, the number of CLM is the most widely accepted factor, and is included in the majority of prognostic scores validated to date. In these scores, the risk of hepatic recurrence increases significantly when the number of resected CLM is four or higher. We recently reported the results of a retrospective analysis of 98 patients at high risk of hepatic recurrence (≥4 resected CLM) treated postoperatively with HAIC containing oxaliplatin plus systemic 5-FU (n=44) or with modern systemic chemotherapy (FOLFOX or FOLFIRI) (n=54) [52] . Adjuvant oxaliplatin-based HAIC was feasible with more than four cycles of treatment in 84% of the patients (average, 8±1.7). Three-year hepatic DFS was significantly longer in patients who received HAIC compared to those who did not (49% versus 21%, respectively. p=0.0008) as was the 3-year DFS (33% versus 5%, respectively. p<0.0001). In multivariate analysis, adjuvant HAIC and R0 resection margin status were the only independent prognostic factors for prolonged DFS. This study confirmed that HAIC with oxaliplatin is feasible, and significantly improves DFS in patients at high risk of hepatic recurrence after resection and/or thermal ablation of CLM. The observed DFS benefit is sufficiently substantial to challenge the current standard of treatment and to warrant confirmation in a randomized trial targeting patients selected with a high risk of hepatic recurrence. A randomized phase 2 study (CinicalTrials. gov, NCT02494973) has just opened to accrual in France to evaluate the potential survival benefit of adjuvant HAIC with oxaliplatin after resection of at least four CLM.
In conclusion, HAIC increases the rate of both objective and CPR. It allows for the conversion of unresectable to resectable liver metastases. In the adjuvant setting, arterial infusion may be beneficial, especially in patients at high risk of hepatic recurrence, and this approach is being evaluated in a randomized study. As such, HAIC deserves consideration as a new strategy in combination with systemic therapy as part of first line treatment in patients with unresectable liver metastases and in the adjuvant setting in resectable patients at high risk of recurrence.
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